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The Alvord extensional basin of southeastern Oregon provides an ideal setting to compare rates of contemporary displacement to the spatial and temporal pattern of intermediate time-scale fault slip.  The Alvord basin lies near the northern extent of the belt of active deformation localized along the western margin of the Great Basin.  Active deformation in the Alvord basin is reflected in the physiography of the region and documented by a system of Pleistocene and Holocene faults that cut late Tertiary volcanic and sedimentary rocks, Quaternary sediments, and shorelines of the ancient pluvial Lake Alvord.  
More significantly, the Alvord basin lies along the transition between the Great Basin extensional province and the Blue Mountains of Oregon and is seismically quiescent.  The youngest activity on the faults in the basin is on the order of 2 to 4 ka.  As such, the contemporary displacement field for the region is not affected by short-term displacement transients arising from earlier earthquakes.  Based on continuous GPS sites of the Pacific Northwest Geodetic Array, a 50 km baseline across the basin indicates west-northwest differential motion of 1.75 ± 0.3 mm/yr.   
The northerly trending Alvord basin is bound and internally deformed by an array of normal faults that, based on our extensive geophysical imaging, have relatively steep dips (~60º) to depths of 1.5 to 2.0 km.  The faults have well exposed scarps that cut Quaternary sediments and offset a system of shorelines of ancient Lake Alvord.  Based on mapping using a conventional Digital Elevation Models and Digital Orthophoto Quads and high-resolution surface imaging using a Terrestrial Laser Scanner (TLS; ground-based LiDAR) controlled by GPS positioning, we have identified two sets of shoreline terraces.  The lower, younger set of 5 shorelines have ages of about 12-17 ka, and the higher, older set of 3 shorelines have ages between 130 to 350 ka.  Along an east-west transect across part of the basin fault system, we used TLS to determined precise, cumulative and interval vertical tectonic-displacements of shorelines across faults.  
The highstand of the younger-series and older-series terraces is offset by 48.4 ± 0.5 m and 80.1 ± 0.6 m, respectively.  The high-resolution digital elevation models produced from the TLS images confirm the remarkable geomorphic/elevation stability of wave-cut surfaces over distances of several kilometers.  As such, they provide an unprecedented vertical datum for active fault displacements.  
In addition to large cumulative displacement on several mapped faults, we are able to measure differential offsets of individual shorelines across the structures.  One fault records activity between 7 of the 8 shorelines whereas others were active sporadically during development of different lake shorelines.  We have identified 17 “displacement events” bracketed by various shorelines, and each of the displacement events, based on the magnitude of vertical displacement, probably reflect several earthquakes.  Slip on various strands of the Alvord fault system indicate that the locus of displacement across the central Alvord basin was concentrated on one fault but also that a significant percentage (~35%) of the total offset was distributed amongst several other fault strands across the basin. 

Comparison of geodetic rates (1.75 ± 0.3 mm/yr) and displacement rates estimated from offset of the older and younger series of shorelines indicates significant variability over 104 and 105 year time scales.  For comparison with horizontal geodetic rates, vertical displacement rates determined from the shorelines are converted to horizontal rates by using the geophysically determined dip of the faults (60°).  The younger series of shorelines (17-12 ka) were deformed prior to 2-4 ka, over an interval of 15-8 kyr, and provide a rate of up to 3.5 mm/yr, nearly twice the geodetic rate.  In contrast, the estimated horizontal rate for the older series of shorelines (130 to 350 ka) range from 0.13 to 0.36, nearly an order of magnitude slower than geodetic rates.  
The implications of these observations are: (1) that faults in and around the Alvord basin experienced an elevated period of displacement rate (earthquake cluster) in the latest Pleistocene to middle Holocene; (2) average displacement rates since the latest Pleistocene are consistent with geodetic rates suggesting that far-field displacement and strain accumulation are constant for the fault system over the last 104 years; (3) reduced rates for late Pleistocene shorelines suggest either a slower far-field displacement rate or that the locus of deformation moved within the basin and/or to locales outside of the basin fault system, and; (4) that concentration of earthquake surface ruptures on individual strands of the Alvord fault system together with the distributed nature of cumulative displacement across the basin suggests that strain release and recurrence interval for earthquakes vary spatially within the fault system.  
